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Summary
Purpose: To provide information on the incidence, types and circumstances of
injuries sustained in a group of young people with epilepsy using protective helmets.
Methods: Thirty-three residential students (21 M, 12 F, age range 5—21, mean 14.5
years) attending a special epilepsy centre over 1 year were provided with helmets.
The types of protective measures, seizure frequency, types of injuries, circumstances
and outcome were recorded.
Results: Fourteen thousand seven hundred and fifty-one seizures were recorded in
the 33 patients, which resulted in 59 injuries. The seizure-related injury risk was 4/
1000 seizures. Scalp and facial bruises were the commonest injury (51%). Additional
protective measures, such as bed guards and padding of dinner tables and sinks, were
used for 57% of these students. Helmets were in use in 46% of the accidents; 68% of
these accidents resulted in facial or scalp injuries, which required medical attention
in 48%. Helmets were not in use in 41% of accidents; 57% of these accidents resulted in
facial or scalp injuries, which required medical attention in 36%. Data on wearing of
helmets in the accidents were unavailable in 13%.
Conclusions: Injuries continue to occur despite the use of helmets. Changes to the
helmet design and modifications to suit the seizure type may improve the protection
offered by helmets.
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The prevalence of epilepsy is between 4 and 7 per
1000 children in the population.1—3 20—25% of sei-
zures are resistant to treatment with antiepileptic
medication.4—6 Although there is little information
available on the risk of seizure-related injury it is
clear that such injuries result in considerable mor-by Elsevier Ltd. All rights reserved.
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large European Cohort study8 with age and sex
matched controls, 21% of the patients reported acci-
dents compared to 14% of the controls (p < 0.0001).
Among the accidental injuries observed, the relative
risk was the highest for concussion (2.6) followed by
abrasions (2.1) bothofwhichwere significantly higher
inpatientswhencompared tocontrols.When seizure-
related accidents were excluded, all risks decreased
and most became non-significant. Persson et al.9
reported an increased risk of fractures of extremities
inagroupofadultswithepilepsyattendingoutpatient
clinics, compared to the general population in the
same geographic area. The following factors were
associated with a high risk of such injuries: male sex,
age over 45 years, recent diagnosis of epilepsy, poor
control of generalised tonic—clonic seizures and pos-
sibly polytherapywith antiepilepticmedication. Nak-
ken and Lossius10 in a prospective study of seizure-
related injuries in two nursing homes for people with
epilepsy,most ofwhomhaddifficult-to-treat epilepsy
recorded 6889 seizures, of which 80 resulted in inju-
ries. The seizure-related injury risk was 1.2%.
Head and facial injuries are the most commonly
recorded injuries.10,11 Although helmets are pro-
vided to people with epilepsy who are liable to fall
and sustain injury in seizures, there appear to be no
published data on how effective they are. Further-
more, different helmet types are in use and there are
alsonodataondifferences in theextentofprotection
provided by the various types. There are no guide-
lineson theuseofparticular helmet types indifferent
situations or for differing seizure types. There is also
no consistent opinion weighing the value of any
protection offered against the inconvenience of
wearing a helmet or its acceptability.11,12 The aims
of this retrospective study at a centre for young
people with severe epilepsy were to record the num-
ber, types and circumstances of injuries sustained inTable 1 Whether helmet was worn at the time of the acc
Helmet Number of accidents resulting
in injuries to face and scalp
Yes No
In use 21 10
Not in use 16 12
Unsure 7 2
There was no significant difference between the groups:
- The total number of injuries sustained when helmets were being w
test, p = 0.40, no significant difference).
- Medical intervention needed for these accidents (3  2 table, So
a MC, treatment in on-site medical centre.
b A&E, taken to hospital accident and emergency department.this group of patients who were provided with pro-
tective helmets. The longer-term aimwas to provide
information onwhich recommendations for effective
protective measures that might prevent seizure-
related injuries could be based.Patients and methods
Thirty-three (21 M, 12 F) of 196 resident students
(17%) who were provided with protective helmets
during a 1-year period from July 1999 to June 2000
were identified retrospectively from occupational
therapy registers at the National Centre for Young
People with Epilepsy (formerly St Piers Lingfield), a
special residential centre. The age range was 7—21
years, mean age 14.5 years. All the subjects had
severe epilepsy and most had additional problems,
including learning disability, behavioural problems,
motor disability, speech and language delay, visual
impairment, overactivity and autistic features. The
policy was that if the student had previous head or
facial injuries as a result of seizures and these
seizure types continued to place him or her at risk,
then protection was provided, in consultation with
the parents and carers, if the individual accepted it.
The staff are very experienced in the management
of epilepsy and know the individual students well.
Discussions on the provision of helmets were an
integral part of the regular multidisciplinary meet-
ings. The decision on whether to suggest a protec-
tive helmet was always made in consultation with
the occupational therapist. One of the aims of the
centre is to balance the hazards of seizures against
the provision of maximum opportunity for normal
activities for the students.
The ice hockey helmets and the hard foam (plas-
tazote) helmets were each provided by a single
manufacturer. The leather helmets came from aident and outcome of accident.
Action taken Total
None MCa A&Eb
16 13 2 31
18 9 1 28
5 4 0 9
orn and when they were not being worn (2  2 table, Somers’ d
mers’ d test, p = 0.31, no significant difference).
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Table 2 Protective helmets–—types in use and com-
pliance.
Type of helmet Well
tolerated
Needs
reminding
sometimes
Needs
constant
reminding
Total
Leather
helmets
13 1 3 17
Hard foam
helmets
5 1 4 10
Ice hockey
helmets with
face guard
2 4 0 6
Total 20 6 7 33
Table 3 Protective helmets–—when used.
n %
All times 21 64
Only outdoors 7 21
During clusters of seizures 4 12
When out of wheelchair 1 3
Total 33 100
Table 4 Additional protective measures used for 33
patients.
na %
Padded tables 4 12variety of sources. The helmets often had to be
altered either by the supplier or by the occupational
therapist to ensure that they fitted the head ade-
quately and comfortably.
The data were collected on a standardised form.
The information recorded included the type of pro-
tective helmet, when it was in use, how well it was
tolerated, additional protective measures, seizure
frequency, types of injuries, circumstances of inju-
ries, seizure type resulting in each injury and injury
outcome. The information was collected by one of
the authors (D.D.) through semi-structured inter-
views with care staff and by reviewingmedical notes
and accident/injury report forms. The definition of
an accident in this paper was any seizure-related
incident recorded by the staff on an accident/injury
form because it was considered to be serious enough
to have the potential to cause injury. Seizure-
related injury was defined as any bruise, laceration
or dental injury sustained during an accident or fall
resulting from a seizure, which was recorded in the
patient records. Injuries that could clearly not have
been prevented by helmets, such as limb fractures,
were excluded from the analysis of the factors
involved in injury (see Table 1). Serious injuries
were defined as those requiring referral to an acci-
dent and emergency department or other external
specialist services. The centre has a fully equipped
medical service with 24-hour doctor and nursing
presence. There is a facility for high-dependency
observation. This implies that most minor injuries,
including lacerations, can be managed on site.
Absence seizures and myoclonic jerks were not
included in the total number of seizures because
it was not feasible to count these seizure types
accurately. Non-resident students were excluded
from this study because the type of information
available from the family home might differ from
that obtained by professional staff in the residential
centre. Seven students who were not resident for
the entire year were also excluded from the study.
Statistical analysis of the tables was performed
with the SPSS software, version 10.0. The Somers’ d
statistical analysis was used because some of the
‘‘expected’’ frequencies in one of the tables were
low in number, making it unsuitable for x2 analysis.Padded sinks 5 15
Bed guards 9 27
Bed room padding 8 24
Wheelchair for long distances 10 30
Padded chair 1 3
Knee pads 1 3
Padded window sills 1 3
1:1 attention outdoors 1 3
None 14 43
a More than one measure was used for some of the patients.Results
During the 1-year study period, 14,751 seizures were
recorded in the 33 students with helmets, mean 447
seizures/patient/year or approximately 37 sei-
zures/patient/month (range 3—128). Fifty-nine
injuries occurred from 68 accidents caused by sei-
zures. The seizure-related injury risk was 1 in 252seizures or 0.4% injuries per seizure. 72.9% of the 33
students had 2 or less injuries and 6% had 6 or more
injuries during the 1-year period.
Of the 33 helmets provided, half were leather
(Tables 2 and 3). Sixty-four percent of the students
were expected to wear their helmets at all times,
except when in bed; of those who tolerated wearing
the helmets poorly, 86% were in this group. Twelve
percent of the students wore helmets during clus-
ters of seizures only and they all tolerated this
regime well. Of all the young people who were
expected to wear helmets, 61% tolerated themwell,
according to their carers. Seventy-six percent tol-
erated the leather helmets well. Ice hockey helmets
with or without face guards were expected to be
used only when outdoors. All students wore these
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Table 5 Seizure-related accidents and the type of
seizure.
Seizure type n %
Drop 36 53
Tonic—clonic 16 24
Myoclonic jerks 3 4
Complex partial 1 1.5
Unobserved 12 17.5
Total 68with some reminding. Additional protective mea-
sures were used in 57% of the students (Table 4),
including padded dinner tables (12%), padded sinks
(15%), bedroom padding (24%), bed guards (27%),
wheelchairs for long distances (30%), padded win-
dowsills (3%), padded chairs (3%), knee pads (3%)
and one-to-one attention while outdoors (3%). Most
injuries occurred as a consequence of atonic drop
seizures (53%), followed by followed by tonic—clonic
seizures (24%) and myoclonic jerks (4%) (Table 5).
Seventy-six percent of all accidents occurred
indoors (Table 6), the commonest places being
the bedroom (22%) and at the dinner table (13%).
Scalp and facial bruises were the most frequent type
of injury (51%) followed by scalp and facial lacera-
tions (22%) (Table 7). No intracranial injuries
occurred. Two dental injuries (3%) were referredTable 6 Seizure-related accidents–—place and cir-
cumstances.
Place n %
Outdoors 12 18
Bedroom 15 22
Dinner table 9 13
Bathroom 2 3
Toilets 2 3
Playroom 3 4
Others-indoors 19 28.5
School 2 3
Swimming pool 1 1.5
Unobserved 3 4
Total 68
Table 7 Observed injuries.
Type of injury na %
Lacerations to face and scalp 13 22
Bruises to face and scalp 30 51
Tooth injury 2 3
Body and limbs 14 24
Total 59 100
a Ten out of 68 events recorded under seizure-related acci-
dents did not result in any visible injury. One student had two
injuries from a single event.for specialist treatment. Most of the injuries
required no action (57%). The majority of the
remainder (38%) were treated at the school medical
centre.
Helmets were in use in 46% of accidents and 68%
of these accidents resulted in scalp and facial inju-
ries, which required medical attention in 48%. Hel-
mets were not in use in 41% of accidents and 57% of
these accidents resulted in facial or scalp injury
requiring medical attention in 36%. Data on whether
the helmet was being worn at the time of the injury
were unavailable in 13%.Discussion
There is much emphasis from epilepsy associations
on reducing anxiety about epileptic seizures and
encouraging people with epilepsy to lead as normal
a life as possible. Appleton13 in an uncontrolled
prospective paediatric outpatient series over a per-
iod of 12 months investigated the rate of physical
injuries in 198 children with newly diagnosed epi-
lepsy before commencing antiepileptic medication.
They reported 4 out of 198 children (2%) experi-
enced a seizure-related physical injury that
required minor medical attention. They suggested
that their data might reassure clinicians and parents
that the diagnosis of epilepsy should not be asso-
ciated with major concerns about injury in children
with early or evolving epilepsy. However, concerns
about such injuries remain in those patients with a
longer history of epilepsy, particularly those with
poor seizure control, leading to imposed restrictions
by parents and professionals. In a study of parent-
reported disability, 83% of the parents of children
with epilepsy in remission for less than 1 year,
reported disability due to imposed restrictions on
their children.14 This was assessed using The Hague
Restrictions in Childhood Epilepsy Scale, which is
based on responses for 10 items covering global and
specific activities of daily life. It is important to
identify those who are at high risk of seizure-related
injuries and to take appropriate measures to reduce
the chance of injury. The ideal solution would be to
prevent injury by controlling seizures with antiepi-
leptic medication or surgery. The role of callosot-
omy in reducing seizure-related falls should be
noted in this context.15 However, it is not always
possible to achieve adequate seizure control with-
out unacceptable adverse effects. Kirsch and Wir-
rell16 compared a population-based cohort of
children with epilepsy who had normal cognition
and no significant motor and sensory impairment
to their age and sex matched best friends without
epilepsy. They found no significant difference in
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However, by excluding children with impaired cog-
nition these authors excluded the group of children
that tend to have more severe, difficult-to-control
epilepsy and are consequently more liable to sustain
injury. Buck et al.,7 Neufeld et al.17 and Nakken and
Lossius10 have listed a number of factors that might
identify individuals at greater risk of seizure-related
injuries: seizure frequency of greater than one per
month, generalised tonic—clonic, atonic and myo-
clonic seizures, and the presence of adverse effects
such as dizziness or unsteadiness from antiepileptic
medication in those taking three or more drugs.
Spitz12 when discussing ways to reduce risk, placed
the emphasis on aggressive treatment of the epi-
lepsy, minimising drug-related ataxia, supervision
when swimming and regular exercise to maintain
bonemass so as to reduce the risk of fracture. Safety
recommendations, including the use of protective
helmets, have been reserved for uncontrolled epi-
lepsy. Favell and Cannon18 described a design of
helmet, which can be quickly removed by the carers
without allowing the wearer to remove it himself.
Buckingham19 suggested using wigs as an alternative
to helmets in girls to improve social acceptability
but provided no results or analysis to support the
proposal. We were unable to find any published data
on the incidence of seizure-related injuries in the
presence of protective helmets, effect of types of
helmets to be used, their acceptability or the cir-
cumstances in which they should be employed. This
study was carried out with the aim of addressing
these issues.
It is interesting to note that most of the young
people tolerated the helmets well. In particular, the
leather helmets were very well tolerated. The
leather helmets were available in different colours,
which improved their acceptability. Some of them
had bumpers at the front or back, which appeared to
provide additional protection to the face or to the
back of the head (Table 8). However, the degree of
protection offered by this design is difficult to assess
without detailed data on the types of falls the
subjects had. Ice hockey helmets were tolerated
for outdoor use, although students often needed
reminding to wear them. It is interesting to note
that most of the students who had to wear helmets
only intermittently, during clusters of seizures, tol-Table 8 Comments made by house staff about helmets.
Buckle straps help. They make it difficult for students to ta
problem
Helmet bumpers are useful in reducing facial injuries
Chin-guards are not much help. They tend to slide off at th
Leather helmets are well tolerated and give as much proteerated them well. In contrast, a high proportion
(86%) of those who tolerated the helmets poorly
were individuals who had to wear the helmets at all
times, except when in bed. An additional factor that
may have helped the subjects tolerate the helmets
was a special service provided by the occupational
therapy department to explain the need for the
helmets to the students and carers. The occupa-
tional therapists were available on-site to provide
advice to teachers, care staff and the students
themselves at any time during working hours. The
occupational therapists also carried out regular
‘‘helmet clinics’’ to review the comfort and suit-
ability of the helmets. Posters of ice hockey players
wearing helmets were prominently displayed in the
occupational therapy department, to promote the
acceptability of protective helmets.
Additional protectivemeasures were used for 57%
of the students to prevent injuries indoors. Most of
these measures were in the bedrooms, in the form of
additional padding around the bed or bed guards.
Other measures included padded sinks and padding
in the critical area of the dinner table. The addi-
tional measures may have played an important role
since most of the injuries occurred indoors and
expecting children to wear helmets at all times
resulted in poorer compliance. These comments
are further supported by the observation that both
dental injuries requiring hospital treatment
occurred indoors. A prospective study is required
to assess the protection offered by these measures
in greater detail. Attention to environmental fac-
tors responsible for a number of the injuries, includ-
ing objects such as radiators, fire extinguishers and
toilet roll holders might also help to reduce the
incidence of the injuries (see Table 9). Planning of
the environment could be valuable in this regard.
There appear to be no published data against
which the risk of seizure-related injury in young
people with epilepsy wearing protective helmets
could be compared. The rate of 0.4% injuries per
seizure in this study was lower than published adult
figures for seizure-related injuries.10 Although the
young people in our study had severe epilepsy, they
also received a high level of supervision and support
from staff. It is of interest to note that, although 76%
of the injuries in this group involved the head, none
of the young people in our study had intracranialke the helmets off on their own when compliance is a
e time of fall and cause added injuries
ction as other types
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Table 9 Equipment involved in seizure-related inju-
ries.
Equipment Number of incidents
resulting in injury
Toy box 2
Snooker table 1
Wall/window 2
Computer monitor 1
Table/chair 5
Wardrobe 2
Sink 1
Fire extinguisher 1
Toilet roll holder 1
Shower drain 1
Dinner plate/cup 2
Radiator 1injuries, whereas such injuries are reported in adult
studies. Zwimpfer et al.20 reported that 20 in their
series of 22 seizure-related head injuries had intra-
cranial haematomas. Kirby and Sadler11 reported no
serious trauma among 41 seizure-related head inju-
ries. Buck et al.7 found two skull fractures and one
intracranial haematoma in 70 reported head injuries.
Neufeld et al.17 reported five subdural haematomas
and two intracerebral bleeds in 185 seizure-related
injuries, 55%ofwhichwere head injuries.Nakkenand
Lossius10 found four brain concussions and one sub-
dural haematoma in a total of 80 seizure-related
injuries in 62 patients over 13 months. It is possible
that the young people in our study were protected
both by the helmets and by additional measures,
including changes to the environment and increased
staff supervision. These measures may have contrib-
uted to the low rate of 0.4% of injuries per seizure in
our study compared with the rate of 1.2% found by
Nakken and Lossius.10 However, the population in our
study was younger than the adults in that of Nakken
and Lossius, implying that they might have been less
vulnerable to injury in falls.
In this study, atonic drop seizures accounted for
53% of all the injuries, followed by tonic—clonic
seizures which resulted in 24% of the injuries. Atonic
drop seizures also resulted in both dental injuries.
Nakken and Lossius10 found that atonic and tonic—
clonic seizures were the types most often associated
with injury. Buck et al.7 also commented that tonic—
clonic seizures carried a high risk of injury. Neufeld
et al.17 stated that both generalised tonic—clonic
seizures and myoclonic seizures were significant risk
factors for injuries. Wirrell et al.21 observed that
young adults with absence epilepsy had significantly
more injuries than controls, especially as a result of
bicycle accidents.
It was particularly interesting to note whether
helmets were in use or not at the time of injury. Thefigures might be interpreted as suggesting that the
wearing of the helmet at the time of the injury did
not reduce face or scalp injuries nor did it reduce
the number of visits to the medical centre, when
compared with accidents that occurred when the
helmets were not being worn. Confounding factors
may account for this apparent lack of difference or
it may have been because the type of helmet worn
did not protect the face adequately. Staff may have
been more likely to suggest to the individual that
the helmet should be worn in higher-risk situations
or may have been more vigilant in supervision when
the helmet was not being worn. It is also possible
that the rate of injuries per hour might have been
greater during the unprotected time. Such analysis
was not possible in this retrospective study because
these data were not available. However, the fact
that so many injuries occurred when the helmets
were being worn raises questions about how effec-
tive helmets are in protecting individuals from
injury. Would changes in helmet design offer greater
protection? Should the helmet design be tailored to
the individual and to the seizure type? It is remark-
able that there is so little information in the litera-
ture on such an important topic relating to
prevention of injury. There is clearly a need for
carefully conducted prospective studies, designed
to collect detailed information that might answer
some of these questions.Conclusions
Among the 33 young people with severe epilepsy
who were provided with protective helmets in this
study, leather helmets were the preferred type in
terms of compliance and were the most commonly
used. Additional protective measures included the
use of bed guards and padding of dinner tables, sink
and bedroom environments. The seizure-related
injury risk in these young people provided with
protective measures was 0.4% per seizure. Injuries
to face and scalp continue to occur despite the use
of helmets. Changes to the helmet design and mod-
ifications to suit the seizure type may improve the
protection offered by helmets. There is a need for
prospective studies to determine the best way of
preventing injury in people with epilepsy that can-
not be adequately controlled with drugs or surgery.Acknowledgement
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